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AIR  SHOCK  PRESSURE -TIME  VS  DISTANCE 


Between  the  time  of  the  first  atomic  weajxin  test  (July  16.  1845)  and  Operation  Green¬ 
house  (1951),  measurements  of  pressure-time  vs  distance  for  atomic  weapon  bursts  were  con- 

fined  to  one  airburst  and  one  underwater  burst  at  Biltini  Atoll  (1946)  and  three  tower  shots  at 
4 

Eniwetok  (1948).  Observations  made  on  Bikini  Shot  Able,  plus  experimental  data  from  deto¬ 
nations  of  small  high-explosive  charges  arid  from  shock-tube  studies,  were  used  to  construct 
height-of-burst  charts^  for  airburst  nuclear  weapons.  These  charts  were  used  extensively  by 
the  National  Military  Establishment  (now  Department  of  Defense)  in  planning  optimum  usage  of 
the  stockpile  of  atomic  weapons;  however,  in  this  application  it  was  impossible  to  take  into  ac¬ 
count  all  stipulated  reservations  because  confirmatory  experimental  data  were  lacking. 

During  the  tower  shots  of  atomic  weapons  on  Operation  Greenhouse  the  pressure -time 
measurementsS  at  stations  close  to  ground  zero  indicated  that  the  shape  of  the  pressure  wave 


Report  of  the  Technical  Director.  Operation  Crossroads.  Vol  1,  Report  No.  XR-156, 
May  1947 

^Hartmann,  G.  K, ,  et  al,  Pressure -Time  Measurements  for  Operation  Sandstone. 
Technical  Director's  report  on  Operation  Sandstone,  Annex  5,  Part  111,  (Sandstone  report 
No.  22.  LA-Q-25-22).  June  2.  1948 

^Porzel,  F.  B.,  Reines,  F. ,  et  al.  Height  of  Burst  for  Atomic  Bombs.  Los  Alamos  re¬ 
port  LA-743R,  August  3,  1949;  Pelsor,  G.  T.,  Overpressures  Expected  from  an  A-Bomb 
Burst  over  a  Rigid  Plane,  Sandia  Corp?  ration  report  SC-1516(Tr),  July  19,  1950 

5prico,  J.  F. ,  et  al,  Pressure-Time  Measurements  in  the  Mach  Region.  Technical 
Director's  report  on  Operation  Greenhouse,  Annex  1.6,  Part  IV  (to  be  published) 
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dAff«rtd  considerably  from  that  poatulated  from  the  'teatbook*  concept  of  the  ahock  wave.  * 

The  question  therefore  arose  whether  similar  differences  might  be  observed  for  pressure 
waves  from  airburst  weapons.  Inasmuch  as  there  was  an  obvious  need  for  data  from  atomic 
bomb  bursts  which  would  check  the  accuracy  of  height -of -bur  at  charts  based  upon  small-scale 
high-explosive  shots,  a  aeries  of  measurements  was  scheduled  in  conjunction  with  the  pro¬ 
gram  of  airburats  known  as  Operation  Buster.  Measured  pressures^  from  these  three  bursts 
varied  considerably  from  those  predicted  from  the  published,  admittedly  optimistic,  height- 
of-burst  curves. 

Buster  shots  were  all  at  relatively  low  burst  heights,  however,  and  the  only  extensive 
pressure  measurements  were  those  made  by  Sandia  Laboratory.  It  was  at  once  apparent  that 
it  would  be  necessary  at  some  future  date  to  verify  the  results  of  the  Buster  measurements, 
using  more  extenatve  instrumentation,  and  to  obtain  pressure  data  from  bursts  at  greater 
heights.  * 

Accordingly  a  series  of  four  airbursts  of  atomic  weapons,  designated  as  Operation  Tum¬ 
bler,  was  carried  out  at  the  Nevada  Proving  Grounds  in  the  spring  of  1952.  The  following 
bursts  were  scheduled: 

Shot  1.  --  A  1.  2-kt  weapon  to  be  burst  at  a  height  of  800  feet,  scaled  to  be 
comparable  to  that  for  Buster  Shot  Baker;  Shot  I  was  burst  over  the  Frenchman 
Flat  area  rather  than  over  Area  T-7  to  determine  whether  the  hard-packed  terrain 
of  Frenchman  Flat,  which  had  a  considerably  higher  reflectivity  for  thermal 


■.  1 


The  Effects  of  Atomic  Weapons,  prepared  under  the  direction  of  the  Los  Alamos  Scien¬ 
tific  Laboratory,  U.S.  Government  Printing  Office,  1950,  p  49  (Fig.  3.11) 

^^esultp  of  the  Sandia  Laboratory  pressure  measurements  on  Operation  Buster  are  de¬ 
scribed  fully  in  Buster-Jangle  reports  WT-304.  Air  Over-Pressure  vs  Time  vs  Distance  from 
Buster  Airburst  Bomba.  March  4,  1952.  by  B.  F.  Murphey,  and  WT-305,  Variation  of  Blast 
Pressure  at  Fixed  Cjistances  with  Small  Altitudes.  April  3,  1952.  by  J.  M.  Harding. 

^ome  revisions  to  the  theoretical  height -of-burst  curves  were  made  as  a  result  of 


I 

[ 


t. 

f 

i 

r 


measurements  on  Operation  Buster;  these  revised  curves  are  published  in  Supplement  1  to 
TM  23-200.  Capabilities  of  Atomic  Weapons.  July  1951,  prepared  for  the  Armed  Forces  Spe¬ 
cial  Weapons  Project  by  the  Los  Alamos  Scientific  Laboratory. 

^Scaled  heights  or  distances  are  obtained  by  dividing  actual  heights  or  distances  by  the 

cube  root  of  the  radiochemical  energy  of  the  weapon,  expressed  in  kilotons  of  TNT.  The  ener- 

12 

gy  equivalent  of  one  kiloton  of  TNT  is  taken  to  be  10  calories. 
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radiation  and  wav  decidedly  more  duat>free  than  Area  T-7,  would  affect  apprecl*  | 

ably  the  presaure-s  meaaured.  1 

'  i 

I 

Shot  2.  --  A  .  2«kt  weapon  to  be  buret  at  a  height  '^f  I,  100  feet  to  obtain  j 

preaaure-distance  meaBurements  from  a  greater  scaled  height  than  on  any  pre*  | 

'  Vlously  scheduled  experimental  burst. 

} 

Shot  3.  --  A  30-kt  weapon  to  be  burst  at  a  height  of  3,  450  feet;  data  from  I 

-  i 

this  shot  were  to  be  used  in  conjunction  with  those  from  Shot  2  to  provide  scaling 
data  for  this  burst  height.  Shots  2  and  3  were  to  be  fired  l  .er  Area  T-7,  the 

I 

same  area  used  for  Operation  Uuster.  j 

( 

Shot  4.  --  A  20-kt  weapon  to  be  burst  at  1,  050  feet  over  Area  T-7  under 
conditions  simulating  as  nearly  as  po.sbible  the  conditions  for  Uuster  Shot  Charlie.  ; 

*.  j 

As  a  supplement  to  the  nuclear  tests  of  (.Iperation  Tumbler,  a  series  of  test  shots*^  of 
250*lb  spherical  charges  of  high  explosive  was  earned  out  at  the  Frenchman  Flat  and  T-7  | 

areas  at  the  Nevada  Proving  Grounds  and  at  tlie  Coyote  C'ariyon  site  near  Albuquerque.  These  ■ 

•  3 

charges  were  detonated  at  three  different  heights  above  ground,  and  pressure-time  measure-  | 

f 

ments  were  made  at  various  distances  on  each  shot.  The  primary  purpose  of  these  tests  was  j 
to  determine  whether  mechanical  effectJ^alone  could  account  for  the  results  observed  on  Oper-  [ 
ation  Buster. 

I 

! 

l.l  PRESSURE-TIME  MEASl.mEMENT.S 

I 

.  h 

Sandla  Laboratory  had  made  the  only  exten.sive  pressure  measurements  on  Operation  ] 

Buster.  In  recognition  thereof  Sandia  was  asked  to  provide  a  j>art  of  the  pressure-time  meas-  | 
urements  on  Operation  Tumbler.  Extensive  pressure -time  measurements  on  the  Tumbler  | 

series  were  also  made  by  the  Stanford  Re.search  Institute  and  the  Naval  Ordnance  Laboratory.  I 

i 

Pressure -time  measurement.^  made  by'  Sandia  Laboratory  included  reflected  pressures  | 

at  ground  surface  as  follows;  j 

\ 

These  tests  are  described  In  detail  in  memorandum  report  5111(65),  Pressure- 
Distance -Height  Data  for  250-lb  HE  Spheres  -  Operation  Tumbler,  Project  1,  10,  March  13, 

1952,  by  B.  F.  Murphey;  also  published  by  the  Armed  Forces  Special  Weapons  Project  as  a 

preliminary  report  of  Operation  Tumbler,  Annex  VIII,  under  the  same  title.  | 

A  i 

’The  theories  of  thermal  and  mechanical  effects  on  the  shock  wave  have  been  discussed  by 

F.  B.  Porzel  in  Los  Alamos  preliminary  report  LA-140B,  Height  of  Burst  for  Atomic  Bombs 
(to  be  published), 
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Table  1. 1  SPACING  OF  GROUND  BAFFLE  GAUGES  (TUMBLER  SHOTS  1-4) 


Shot  1 


Shots  2,  3.  and  4 


Code* 

l-O-P 

3-0-P 

5-0-P^ 

7-0-P 

9-0-P 

ll-O-P 

l-O-P 

3-0-P 

S-O-P*^ 

7-0-P 

9-0-P 

U-O-P 


Station  No. 


Distance  from  intended 
sround  sero  (ft) 


250 

750 

1.250 

1.750 
2.  500 
4.  000 

750 

2.250 

3.750 

5.250 
7,  500 

11, 500 


®The  first  number  of  tht  code  designation  refers  to  the  station  number,  the  second  num 
her  to  the  height  of  the  gauge  above  ground,  and  the  final  letter  (P)  indicates  that  the  meas¬ 
urement  is  a  pressure  measurement. 

^At  Station  205  two  gauges,  designated  by  code  as  5-0-Pland  5-0-P2,  were  installed 
for  all  Shota, 

In  addition  to  the  pressure  measurements  at  ground  surface,  measurements  at  heights 
of  2,  6,  20,  and  35  feet  above  ground  were  made  at  the  following  stations: 

Table  1.  2  --  SPACING  OF  TOWER  GAUGES  (TUMBLER  SHOTS  1-4) 


Distance  from  intended 


Shot  1 


Code 

Station  No, 

ground  se 

2-2-P 

202 

500 

2-6-P 

202 

500 

2-20-P 

202 

500 

2-35-P 

202 

4 

500 

6-2-P 

206 

1,  500 

6-6-P 

206 

1,  500 
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Tkblc  1.2  ♦*(cont) 


Code 

Station  No. 

Distance  from  intended 
ground  xero  (ft) 

Shot  1  (cont) 

6-20-P 

206 

1,500 

e-3S-P 

2U6 

1,500 

Shots  2,  3,  and  4 

2-2-P 

202 

1,500 

2-6-P 

202 

1,500 

2-20-P 

202 

1,  500 

2-35-P 

202 

1,500 

6-2-P 

206 

4,  500 

6-6-P 

206 

4,  500 

6-20-P 

20C 

4,  500 

6-35-P 

206 

4,  500 

Preisures  at  xero  height  (in  a  groumi  baffle)  were  measured  by  means  of  a  Wlancko 
pressure  gauge*  mounted  face  up  at  the  center  of  a  concrete  pad  four  feet  square,  the  surface 
of  which  was  flush  with  the  surface  of  the  groun  1  (Kijjs.  1  1  and  1.  2).  This  mount  did  notdif- 
fer  materially  from  that  used  on  Operation  nuster,  wherein  the  gauge  was  placed  at  the  center 
of  an  l8-in.  square  of  concrete  which  was  in  turn  placed  at  the  center  of  a  circle  of  macadam 
twenty  feet  in  diameter. 

The  gauges  at  the  2*,  6-,  20-,  and  35-ft  levels  were  mounted  flush  with  the  surface  of  a 
circular  ateel  plate  18  inches  in  diameter  and  one-half  inch  thick  (Figs.  1. 3  and  1. 4),  oriented 
vertically  with  its  edge  pointing  toward  intended  ground  zero.  This  mount  differed  from  the 
horizontal  circular -cross-section  pipe  used  on  Operation  Bustei^and  is  preferred  because  it  is 
oriented  to  record  pressures  from  any  burst  within  the  vertical  plane  passing  through  the 

*This  gauge  is  described  fully  in  Operation  Greenhouse  report  WT-1,  Scientific  Direc¬ 
tor's  Report  on  Operation  Greenhouse,  Annex  3.  4,  Part  I,  Instrumentation  of  Structures  Pro¬ 
gram,  January  1951,  by  P.  A.  Northrop. 

^On  Operation  Buster,  where  gauges  were  installed  in  horizontal  pipes  at  the  15-ft  height, 
it  was  not  intended  to  measure  the  magnitudes  of  free-air  pressures  correctly;  the  main  objec¬ 
tive  was  to  obtain  comparative  arrival  times  for  the  free -air  and  reflected  pressure  waves.  Al' 
though  free-air  pressures  were  not  measured  correctly,  the  reflected  pressures  observed  did 
check  with  those  from  the  ground  baffles. 
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1.  1 

ui  ^rouiul  haffl* 
.i-U-lM 
than  jusi',  ufif,  .1 


-  W.aiuko  pt  *‘.'-('urr  Kauii^«*s  ;ii,sialh'(i 
.it  St.itiwii  2t)r)  (at  th.b  >tatt('ii  two 
;»inl  f>-U-l*2,  aiT*-  .listalU' )  t  atlicf 
•it  ail  Mtia-r  gt  uujal  htutsutih) 


Fig.  1,  2  --  Close-tip  of  gauges  in  ground  baffle  at 
Station  205 


SECRET 


orittory  gaugr) 


Fig.  1,4  --  Vie'i  of  blaiit  line,  looking 
toward  ground  zero, The  2-,  fi-,  and  35-ft  prea 
sure  gauges  are  on  ffie  left-hand  side  of  the  tow¬ 
er  on  the  right  (tjhe  gauges  on  the  right-hand  side 
of  this  tower  ard  not  Sandia  Laboratory  gauges). 
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blavt  line.  Any  error*  introduced  by  of  tticidettce  of  10*^  or  U'»*  a  result  of  the 

burst  being  off  to  either  «id«  of  tht«  plane)  would  be  iieghgtble. 

The  recording  ayatem  used  on  Operation  '1  utnblei-  waa  the  same  as  that  used  on  Opera* 
tton  fluster.  The  Wisneko  gauge  circuit  ib  a  balanced  inductive  bridge  supplied  by  a  lU*v, 
S'kc  carrier  provided  by  the  oscillator  and  power  amplifier  of  the  Consolidated  Engineering 
Corporatloo  Static -Dynanac  Hecording  Mea$urenient  System  l>.  After  passing  tliruugh  the 
balsAClng  network  and  attenuator,  the  output  of  the  gauge  is  fed  ui  turn  to  sn  amplifier,  a  de¬ 
modulator,  and  finally  to  a  recording  galvanometer.  Alt  the  equipment  is  operated  on  110>v, 
60«cpa  alternating  current.  The  over -all  response  of  the  system,  including  the  gauge,  ampli¬ 
fier,  demodulator,  and  galvanometer,  is  such  that  when  a  square  wave  pressure  change  is  ap¬ 
plied  at  the  gauge,  the  galvanometer  resiiunds  to  within  i>fi  jier  cent  of  its  final  ouq>ut  within 
0,8-1, 0  msec.  Response  of  the  system  is  tlierefore  stiglitly  faster  tlian  oiu'  msec.  Stated 
another  way,  the  system  has  a  frequency  response  of  6uo  rps,  and  damping  is  approximately 
critical. 

Calibration  of  the  system  consisted  in  applying  three  or  four  different  static  jirctssures 
to  the  gauge  after  it  was  installed  in  the  field  .ind  recording  the  corresponding  galvanometer 
displacements  on  photogr.iphic  paper.  the  first  shot  only  one  l  alihrstion  was  possible;  on 
Shota  3,  3,  and  4,  however,  all  cfvinnels  were  rei  alibrated  until  Mict  Cssive  calihrutions  var- 
i#d  by  less  than  three  per  cent,  The  cahbralion  standard  was  bourdon-tyjie  mei  hanical  gauge 
which  had  baen  checked  in  the  laboratory  prior  to  use  in  the  field. 

The  timing  standard  was  a  500-rps  signal  from  a  crystal -controlled  oscillator.  When 
the  frequency  of  this  oscillator  was  checked  following  the  Tumbler  series  of  shots,  it  was 
found  to  be  0.8  per  cent  slow  as  compared  with  th*™  fiOO-cps  tone  transmitted  by  radio  WW'V, 
All  times  recorded  are  the  uncorrected  times  obtained  from  the  oscillator. 

A  Telcreader  was  used  to  convert  recorded  data  to  tabular  formi.  Accuracy  of  the  Tele¬ 
reader  is  considerably  greater  than  that  of  the  calibration  procedure  or  the  inherent  accuracy 
of  the  over -all  recording  system.  Recorded  defleclionfi  may  be  read  to  sn  accuracy  of  0i  002 
inch;  maximum  deflections,  correspo-.dlng  to  peak  pressures,  were  usually  in  the  range  of 
0,5  to  1. 0  Inch. 

I 

It  is  doubtful  whether  the  over -all  accuracy  of  the  field  installation  \/as  greater  than  ft 
pdr  cent,  but  except  for  occasional  obvious  errors  the  accuracy  of  the  measurfments  is  be¬ 
lieved  to  be  within  10  per  cent. 


ao 
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l.a  TEST  RESULTS 

Otta  from  Um  four  airburut*  of  (Jt>vr«Uun  Tumbler  have  been  summarised  in  Tables  1.9- 
1.6,  compiled  from  plots  of  the  Telcresder  tabulations.  In  addition  to  the  peak  pressures  and 
arrival  times,  which  are  the  quanuttes  must  accurately  measured,  posttlve  and  nr(ative  dura* 
tiona,  positive  and  negative  impulses,  and  masimum  negative  pressures  are  tabulated. 

I'lgUi-es  1.6*1, 8  present  compusite  data  for  all  pressure  measurements  on  Tumbler 
Shuts  1  -4.  Note  that  the  data  obtained  by  Sandia  Laboratory  are  esscnUally  in  agreement  with 
those  obtained  by  the  Stanford  Research  Institute  and  the  Naval  Ordnance  Laburatury.  This 
agrsement  and  the  results  observed  on  Tumbler  Shot  4  have  Item  interpreted  as  confirmatory 
evidence  that  the  pressure  mes^  areinenlB  made  on  <V*'>'stion  Ituster  were  valid. 

Pressure -time  cvii  ves  for  both  the  ground  and  tower  gauges  fur  Shuts  1*4  arr  preaented 
In  FlgM.  1,'J-t,  I6.  Figures  1,9  and  1,  lu  show  rist-  times  for  the  cluse-in  stations  on  Shut  1 
that  may  be  slightly  in  eiceHs  of  the  time  response  of  the  system,  which  la  one  millisecond. 

The  curves  show  some  evuietx  e  ut  flui  tuatiun  at  the  peaks,  tiie  causi'  of  which  IS  not  clearly 
understood.  Other  interesting  features  of  these  curvi-s  are  the  second  positive  pressure  of 
small  magnitude  following  the  negative  phase,  and  the  peaking  uj)  of  the  pressure  in  the  latter 
part  of  the  negative  phase  (this  peak,  at  the  far-out  stations,  develops  into  a  small  second 
shock).  As  c,m  be  seen  from  Figs.  1,11  and  I.  Ill,  the  curves  for  Tumbler  Shot  2  are  essen* 
ttsUy  the  name  an  those  for  Shot  1;  however,  when  l  omj'sring  curves  for  rorrrspondlng  nts- 
tlonn  and  height* ,  bear  in  mind  that  the  distances  nre  not  the  same.  The  curve^for  ^hot  9 
(Flgn.  1.13  and  I,  14),  which  show  only  the  positive  phase  of  the  pressure  wave,  do  not  differ 
appreciably  from  those  for  Shots  ),  and  2. 

Preaaure  waves  observed  on  Shot  4  (Figs.  1.15  and  1.  16),  on  the  other  hand,  are  similar 
to  thoss  found  on  clperstton  Hunter.  In  their  departure  from  the  ideal  they  are  the  most  enter* 
taining  of  the  lot.  In  Fig.  1. 15  the  presnure  record  labeled  l-O-P  has  been  plotted  from  tero 
time  to  1.  4  seconds  after  aero  time;  the  small  initial  wiggle  immediately  following  tero  time 
and  decaying  to  zero  at  10  msec  is  a  transient  electromagnetic  signal,  not  a  preaaure,  and  is 
associated  with  the  strong  electromagnetic  radiation  at  aero  time.  The  gradual  rise  to  about 
7  pat  at  0,  12  second  is  independent  of  the  shock  wave  and  is  diacuaaed  later  in  this  report  un> 
der  Preshock  Pressures.  The  first  algnificant  pressure  increase  takes  place  at  0.  26  second 

*The8e  graphs  have  been  taken  from  the  Preliminary  Report  of  Operation  Tumbler. 

Part  n  -  Preliminary  Results  and  Anaiyain.  TC-ie52-0.  prepared  by  the  Armed  Forces  Spe¬ 
cial  Weapons  Project  (no  date). 
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Ground  range  (ft) 

FiB  1  6  --  Composite  pressure-distance  curve  for  Tumbler  Shot  2 

■  presenting  data  from  all  participating  organisations 
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Fig.  1,7  --  Composite  pressure-distance  curve  for  Tun4>ter  Shot  3 
presenting  data  from  all  participating  organizations 
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Fig.  1.  10  --  Pre.‘5.<iur<'-iime  curves  for  tower  gauges 
on  Tumbler  Sh'  1  (April  1,  1P52) 


EGRET 


31-32 


SECRET 

r 

I 

i  ,  « 

f  • 

-  i 


'is  i  *  ' 

^it«*  »  •  ri  rtK»n?P  >»M 


Fig,  I,  13  --  Pressure -timf  curves  for  ground -hafflr  gaugi 
on  Tumbler  Shot  2  (April  22.  ^‘^2) 
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Fig.  1.  16  -'  Pressure -time  curves  for  tower  gauges 
on  Tumbler  Shot  4  (May  1,  1952) 
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•od  nay  fi»t  i<l«atlli«4  with  th*  soocallad  'precursor*  (Fif.  1.17)  observed  in  photcyrnphs  st 
stnUons  ne  close  «s  in  Stsuoo  202. 

This  precursor,  s  forerunner  of  the  aasin  pressure  rise  sssocisted  with  the  primary 
pressure  wave,  has  a  slower  rise  time  and  smaller  amplitude  than  the  main  shock  wave  and 
iS  absorbed  into  the  main  shock  front  at  a  distance  of  approximately  2000  feet  from  ground 
«ero.  Formation  of  a  precursor  was  also  observed  on  Buster  Shot  Charlie;  pressure >time 
records  indicated  that  it  formed  at  some  point  beyond  400  feet**  from  ground  sero  and  was  ab> 
sorbed  into  the  main  shock  wave  in  the  vicinity  of  2000  feet  from  ground  sero.  Re>cxamination 
of  photographs  of  Buster  Shot  Charlie  seems  to  corroborate  the  evidence  of  the  pressure 'time 
^records;  photographs  also  seem  to  show  formation  of  a  precursor  wave  on  Buster  Shot  Dog  and 
do  show  the  dust  pedestal  associated  with  the  presumed  precursor  on  Shot  Easy. 

A  suggested  mechanism  for  the  formation  of  the  precursor  is  the  absorption  of  thermal 
energy  by  the  ground  and  release  of  water  of  crystallization  by  the  constituents  of  the  earth's 
crust,  causing  a  sudden  evolution  of  a  relatively  large  amount  of  heated  material.^  The  pres¬ 
ence  of  this  heated  material  throughout  the  region  above  ground  level  is  presumed  to  affect 
substantially  the  progress  of  the  shock  wave  through  it;  it  becomes  a  region  of  velocity  dis¬ 
persion.  Since  the  postulated  temperatures  are  high,  this  effect  is  a  strong  one,  and  a  fore¬ 
runner  is  clearly  possible. 

Ordinarily  (except  in  the  region  where  the  Mach  stem  exceeds  50  feet)  at  stations  where 
pressure  measurements  are  made  at  levels  above  ground  level,  increases  are  observed  first 
at  the  highest  level  and  last  at  the  level  nearest  the  ground.  On  Tumbler  Shot  4,  however,  ar¬ 
rival  of  the  precursor  at  the  various  levels  causes  the  order  of  arrival  to  be  reversed;  for  in¬ 
stance  data  on  time  of  arrival  at  Station  202  (Table  1.  6)  indicate  that  the  precursor  arrives  at 
the  35-ft  level  17  milliseconds  after  it  arrives  at  the  2-ft  level.  This  'toeing  out'  of  the. 

*Results  obtained  by  the  Stanford  Research  Institute  on  Tumbler  Shot  4  from  gauges  OB 
(ground  range  233  feet)  and  2B  (ground  range  260  feet)  were  similar  to  those  from  Buster  Shot 
Charlie  in-  that  the  precursor  is  not  evident  at  the  stations  close  to  ground  zero;  these  results 
are  presented  in  Preliminary  Report  -  Operation  Tumbler  Project  1.2-  Air  Pressure  vs 
Time,  Stanford  Research  Institute  report  SU-Q- 12.  May  0,  1952,  by  E.  B.  Doll, 

^Batea.  J.  J.  .  et  al.  The  Thermal  and  Ontical  Chararteristira  of  Nevada  Sand.  Material 


•  Bates,  J.  J.,  et  si.  The  Thermal  and  Optical  Oisracteristics  of  Nevada  Sand,  Material 
Laboratory,  New  York  Naval  Shipyard,  report  No.  ND-Q-63.  May  12.  1952;  see  also  Bleakney 
W. ,  Interaction  of  a  Shock  Wave  with  a  Thermal  Boundary  Layer,  Princeton  Univ-^raity  Shock 
Wave  Laboratory  memorandum  repiort,  January  11,  1952;  Porzel,  F.  B. ,  Height  of  Burst  for 
Atomic  Bomba,  Los  Alamos  Scientific  Laboratory  preliminary  report  LA- 1406  (to  be  published). 
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Fig.  1.  17  --  Stills  from  motior.  picture  of  shock  wave,  photographed  a1  Staiion  202  on 
Tumbler  Shot  4  by  Edgerfon,  Germeshausen  and  Gncr  for  the  I^os  Alamos  Socniific  Laboratory 
project  for  mass  motion  photography  i'hrso  stiiis  are  spaced  at  ft'franic  intervals;  in  frame  1 
the  precursor  is  entering  at  the  lower  r.ght,  and  in  frame  3  the  reflected  pressure  wave  ap¬ 
pears  «t  the  lower  right.  In  frame  fi  the  precursor  appears  to  pass  through  the  top  of  the  50-ft 
tower  and  extends  just  beyond  the  base  of  the  JATO  smoke  cloud;  the  incident  wave-  has  just 
passed  the  smoke  puff  immediately  above  the  JATO  cloud,  and  its  intersection  with  the  reflected 
wave  ia  barely  visible.  In  frame  8  the  incident  wave  has  flattened  the  top  right  side  of  the  JATO 
cloud.  Note  the  dust  ri.stng  above  the  ground  following  the  precursor  and  preceding  the  arrival 
of  the  incident  and  reflected  shock  waves. 
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pMcturscNT  vttvf  Is  clstrljr  svidsnt  In  motion  pictures  tsksn  at  Station  SOS  on  Shot  4.  Tlw 
totssr  on  ti4iicS  ths  gauges  were  mounted  uas  blown  down  by  the  blest  (Fig,  1,  lSi«  imH 
record  (Fig.  1, 16)  terminates  at  0.69  second.  The  pressure  wavs  exhibits  violent  oscilia* 
tions  (indicated  by  plotting  maxims  and  mitums  fur  10-msec  intervals)  which  may  be  attribu¬ 
table  in  part  to  the  presumably  violent  motion  of  the  tower  as  well  as  to  turbulence  wldiin  the 
heavily  dust-laden  pressure  wave.  Figure  1.  15  is  of  interest  mainly  because  it  illustrates  the 
recovery  of  the  shock  wave,  beyond  Station  205  tlie  shock  wave  has  a  normal  appearance. 


Thus  all  shock  waves  for  Tumbler  Shuts  1.  2,  and  S  are  of  conventional  l^lpearance  ex' 
cept  for  some  chopping  of  the  peaks  and  somewhat  slow  rise  times  at  some  stations  near 
ground  zero.  Tumbler  Shot  4.  on  the  other  hand,  produced  a  pressure  wave  that  differs 
markedly  in  the  overpressure  region  of  8*60  psi  from  those  of  the  otlier  shots  of  the  series 
and  resembled  more  closely  thoae  observed  on 
the  Greenhouse  and  Hus  ter  shots. 


1.3  HEIGHT -OF -  HUKST  CHAHT 

The  Tumbler -Snapper  aeries  of  test  shots 
has  contributed  more  than  half  the  data  for  an 
experimentally-determined  height-of -hurst 
chart.  These  data  were  combined  with  tho.sr 
irom  Buster  measurements,  the  Grernhouse 
Easy  Shot,  and  the  Jangle  surface  shot"  to  con¬ 
struct  the  chart  presented  as  the  frontispi'’re 
to  this  report.  All  points  represent  experi¬ 
mentally  determined  pressures  from  actual 
bursts  of  atomic  weapons,  to  which  altitude 
corrections  have  been  applied.  Distances  have 


%''•  '“ti" 


Fig. 


been  scaled  for  both  altitude  and  yield. ' 


J,  18  --  PoKl-shot  view  of  gauge 

tow’er  at  Station  202  on  Tumbler  Shot  4,  which 

wa.s  blown  down  by  the  bias).  Note  the  broken 

_  ...  ..  L  .  baffle  plate  in  the  foreground;  it  is  not  certain 

Empirical  or  theoretical  height-of-burst  ...  ..  o  i  u  .  •  n  ..  w 

^  *  whether  this  is  a  Sandia  gauge,  hut  in  all  prob- 

curves,  such  as  those  based  on  measurements  ability  it  w'as  blown  in  from  another  station. 


Howard,  W.  J. ,  and  Jones,  R.  D. ,  Free  Air  Pressure  Measurements  for  Operation 
Jangle  by  Project  1 .  4.  Sandia  Corporation  report  SC-226l(Tr),  February  19,  1952 

Sachs,  R.  G. ,  The  Dependence  of  Blast  on  Ambient  Pressure  and  Temperature,  Ballis¬ 
tic  Research  Laboratory  report  BRL-466,  May  15,  1944 
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sImU  and  prtaaatad  ia  LA-TdlR  and  iC''tS]it(Tr).  luivt  baaa 
4aUlM?dtely  ooittlad  aa  iMtaf  pra>idicial.  Tbua  tbt  ntw  telfht-of-burat  chaii  praaaaia  lafor- 
aiatUiii  baaad  oaljr  oa  data  from  aaclaar  aaploaioaa. 

'niart  ara  atill  ao  aaparimental  dau  for  scaled  hetfhts  of  burst  groater  than  1000  faat. 

As  can  be  aaaa  from  the  chart«  thsat  data  arc  needed  to  eatablish  the  burst  heights  i^ch  will 
give  areas  of  maslmum  radius  for  overpressufres  of  4>8  psi.  In  particular,  a  burst  at  a  scaled 
height  of  1,  ISO  feet  would  provide  valuable  supplementary  inforatation  on  the  shajaes  of  the  iao- 
bars  for  4-1  and  perhaps  10*11  psi. 

Tumbler  Shots^(  1 . 19  kt)  and  3  (30  kt)  produced  strong  evidence  regarding  pressures  at 
scaled  heights  of  spprom^^tely  1000  feet  since  measured  pressureu  for  these  two  shots  were 
essentially  the  same  at  eq^h^ scaled  distances.  This  agreement  leads  one  to  conclud#  that  it 
is  valid  to  scale  pressure 'distance  curves  over  the  range  of  1  to  30  kt  for  bursts  at  a  1000*ft 
sealed  height. 

On  the  other  hand,  although  the  scaled  height  of  burst  for  Tumbler  Shot  1  (1. 06  kt)  was 
selected  to  be  the  same  as  Utat  for  Buster  Shot  Baker  (3.4  kt).  pressures  for  Buster  Baker 
were  considerably  lower  than  for  Tumbler  Shot  1  at  equal  scaled  distances  from  ground  sero. 
Similarly,  although  pressures  measured  for  bursts  at  a  400*rt  scaled  height  (Tumbler  Shot  4 
and  Buster  Shots  Chsrlie  and  Easy.  14*31  kt)  sre  some  whit  scsttered.  they  lie  well  below  those 
antieipatsd  prior  to  Operstlon  Buster.  !t  is  currently  conjectured  that  these  discrepancies  in 
msasured  prtsiurss  sre  at  laast  partially  caused  by  the  thermal  effects  sssoclsted  with  the 
formation  of  the  precursor  found  on  shots  of  large  yield  at  low  elevations. 

On  all  Shota  of  the  Buatcr  and  Tumbler  series  at  scaled  heights  greater  than  600  feet  the 

2 

thermal  energy  has  been  less  than  90  cal /cm  at  ground  sero.  compared  with  a  thermal  energy 

2 

in  excess  of  300  cal/cm  for  shots  at  scaled  heights  in  the  >'iclnity  of  400  feet.  The  thermal 

emrgy  at  ground  sero  was  quite  small  for  Tumbler  Shot  I  and  Buster  Shot  Baker,  beingapprox- 
2  2 

immately  55  cal/cm  for  Tumbler  Shot  I  and  presumably  70  cal/cm  on  Buster  Baker.  The  auperfl* 
cial  ground  surfaces  over  which  these  particular  shots  were  burst  were  quite  different:  Tumbler 
Shot  1  was  over  an  almost  white  surface  that  was  relatively  less  dusty  than  that  for  Buster 
Baker,  which  was  very  dusty  and  of  darker  color.  Whether  the  difference  in  dust  and  reflectiv* 
ity  would,  per  ae,  account  f<^  the  marked  difTerences  in  pressure  is  extremely  questionable. 
Pressure*tlme  records  from  Buster  Baker  and  Tumbler  Shot  1  are  similar  in  that  both  are 
almost  Udeal*  shock  waves  and  neither  shows  any  evidence  of  a  precursor  such  as  that  observed 
on  Tumbler  Shot  4  and  Buster  Shots  Charlie  and  Easy.  Discrepancies  between  the  pressures 
measured  on  these' two  aeries  of  shots  sre  therefore  as  yet  unexplained. 
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Tilt  tMi^ltal^  of  Hm  plwMKMM  obof  r¥o4  on  IIm  Boouir  tad  TunOtlor  oorloo  ooovui  tn 
tartlooto  Uitl  oifamiowol  dote  for  bonbo  of  v«rloo«  tit*  burnt  at  iniormtcbiit*  hoinblt  oro  tioooi* 
oory  if  oay  volid  ttploaotlOB  of  ttett  lAomaliot  U  to  bt  mad«.  It  would  b«  Intorottiag  to  ob- 
•oroo  topoiiin«BttUy  tbo  tffoct  of  thormol  rnorcy  on  thr  behavior  of  proaauro  wavoa  by  burtt- 
log  a  I'kt  woapoA  at  a  btight  of  400  fact  and  a  lS>kt  weapon  at  a  acaled  hei|;ht  of  600  feet.  The 


approalmato  thermal  energy  at  ground  aero  from  a  I'kt  yield  at  a  buret  height  of  400  feet 
would  be  ISO  eal/rm*  aad  that  from  a  i6>kt  yield  at  a  acaled  buret  height  of  600  feet  would  be 
110  cal/em^. 

The  anawera  to  queatiooa  poaed  by  theae  obaerved  anomaliei  may  prove  aignificant  in 
the  imereata  of  the  Department  of  Defenae.  Evaluation  of  war  damage  aa  a  function  of  diatance 
from  atomio  eaploeiona  ia  currently  poaaible  only  on  the  baala  of  the  Hiroahima  and  Nagaaaki 
burata.  Neither  the  yietda  nor  the  burat  heighta  for  theae  weapona  are  preciaely  known. 
Meaaurementa  aad  eatlmatea  indicated  that  the  radiochemical  yield  of  the  Hiroahima  weapon 
waa  between  It  and  li  kt  and  ita  burat  height  between  1.800  and  2000  feet.  Similarly,  the 
yield  of  tho  Nagaaaki  weapon  waa  between  22  and  23.8  kt  and  ita  burat  height  between  1.650 
aad  1,700  faet.  Scaled  burat  heighta  for  theae  two  war  weapona  were  thua  575-610  feet  for  the 
Nagaaaki  burat  aad  730-600  feet  for  the  Hiroshima  burst.  As  the  height -of -burat  chart 
(frontlapiece)  ahowa,  acaled  heights  for  these  weapons,  from  which  w'c  have  the  only  evalu¬ 
ation  of  military  damage,  fall  in  the  reRion  where  indeterminacy  of  pressures  is  moat  pro¬ 
nounced, 

1. 4  AUXILIANY  PRESSURE  MEASUREMENTS 

An  opportunity  waa  presented  In  coi.pinctlon  with  the  preaaure-tltne  meaaurementa  on 
Operation  Tumbler  to  make  some  auxlUery  pressure  measurements  that  would  provide  experi¬ 
mental  data  OB  relatod  problems,  for  example 

1.  Varletion  of  pressure  with  smell  altitudes  at  several  stations  on  the 
blast  lino. 

2.  Preahock  ambient  ground-level  pressures  at  several  distances  from 
ground  aero. 

3.  Docreasc  in  poeltive  impulse  loading  as  a  function  of  distance  from 
ground  soro. 

4.  Behavior  of  the  preseure  wave  at  comparatively  large  dictancea  from 
ground  aoro. 
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S.41  FttMUTfAllltwif 


Frt—itfii  Mwtrw*  •>  twtr  •itttniM  (S»  •«  SO,  mi  St  fMt)  tham  lit  atirfiM  «llit 
gfOini  itvt  bttn  plolttO  to  m  tytmitil  tim*  toUt  to  Fift.  1. 1§*1.  SS.  Thttt  prttturt* 
pHiiitt  mmmurmmOM  hum  ptmilltd  tooia  totorttltof  oittrvuttoot;  (or  tottonot^  (i^ato  litfHi 
ploto  tlM  iMifht  of  tht  lUch  atom  hat  baan  computot  fraphieaUy  at  two  tiataneaa  (ataUCNia 
SOS  aa4  SOt)  on  anti  ot  Siiou  1<4:  titaa  computad  hai^ta  ara  praaaotad  to  Tabla  1. 1. 

Tabla  1. 7  •<  COMPITTCO  HElQilTS  OP  MACH  STEM 


In  Um  (wo  instancaa  In  which  the  height  of  the  Mach  stem  exceeded  35  feel  the  Mach 
waaa  arrived  sinvultaneoualy  (within  1  maec)  at  the  four  heighta  and  could  therefore  be  aaaumed 
to  ba  vertical  to  35  feet. 

It  ia  also  poaaible,  when  both  the  free -air*  and  reflected  pressure  waves  are  observed, 
to  compute  a  reflection  coefficient  and  compare  this  with  that  deduced  from  the  theory^  for 
regular  reflection,  Ta^blc  1 . 8  presents  the  results  of  this  comparison. 

Note  that  toe  observed  reflection  coefficients  correspond  within  10  per  cent  to  the  theo¬ 
retical  values.  It  is  difficult  to  determine,  in  view  of  the  paucity  of  data,  whether  the  fact  that 


*#ree-air  pressures  are  taken  from  toe  initial  rise  portion  of  the  pressure-time  records 
lor  the  various  stations. 

tppiactasch,  H,,  andSeeger,  R.  J. ,  Regular  Reflection  of  Shocks  in  Ideal  Gases.  Navy 
Bdroaa  of  Ordnance  Cxploaivea  Research  report  No.  IS  (BuO-ER-13),  February  IS,  1944 
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Station 

Diatance  from 
ground  aero  (ft) 

Height  of  Mach 
atom  (graphical)  (ft) 

Shot  1 

SOS 

590 

304 

1.577 

14.5 

Shot  2 

202 

1.378 

2.7 

-  : " 

204 

4.375 

>35 

Shot  3 

302 

1,404 

'-vM- 

304 

4,401 

0 

,  ,  i'vV' xf: 

Shot  4 

202 

Rise  was  too  slow  to  determine  height  of  Mach  stem 

304 

>35 

,.:a 

msimss 
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rtflictloM  eotinclwta  tr«  in  fviMrat  hlfli  on  Shot  I  nad  low  on  Shots  1  snS  S  has  sigr 
jpsnt  sifstllesnco. 

Tsblt  1.  •  ••  COMPAItlSON  or  OBSERVE O  AND  COMPUTED  RSr LECTION  COSrPIClENTS 


Av.r.„  • 

obsorvod  given  !■_  (from 

W%  J  9%  " 


Oaugt 

Zl 

1 

X 

a. 

Vr 

r 

theory) 

Shot  1 

2<3S<P 

4.9 

n,8 

2.40 

2-ao-p 

• 

• 

w 

a.  18 

a-e-p 

7.2 

14 

1.93 

2-2-P 

-  '■ 

14.8 

- 

«*3SI* 

2.7i 

6.3 

2.28 

fl-20-P 

2.  9 

7.0 

2.  42 

6-4-I' 

- 

7.  3 

- 

2.35 

2.55 

S-2-P 

7.2 

• 

Shot  2 

2*35*r 

2.  2 

4.8 

2.'l8 

2  20.V 

2.  1 

'  3.  3 

2.  19 

2*4*r 

2.7 

6.25 

2.31 

2.25 

2.3 

2-2-P 

2.7 

6.23 

2.31 

Shot  3 

2-35-P 

4.  1 

10.3 

2.52 

2-20-F 

3.4 

8.3 

2.45 

2-R-P 

4.  0 

10.  2 

2.35 

2.  55 

2.2 

2-2-P 

3.  5 

9.  4 

2.68 

«-3.^-P 

2.  .1 

6.  4 

2.55 

6-20.P 

2.43 

6.4 

2.61 

6-6-P 

2.  33 

3.8 

2.47 

2.55 

2.3 

4-2-P 

2.23 

5.8 

2.57 

1.42  Prcshork  Pressures 

On  ssch  of  the  four  T umbler  shots  a  pressure  fsuge  was  placed  in  a  ground  baffle  at 
each  of  Stations  2h0.  204.  and  207  to  measure  any  large  chartges  in  ambient  preasvire  that 
might  take  place  between  tero  tinte  ai>(l  the  time  of  arrival  of  the  shock  wave.  Because  of  an 


a 


SECRET 
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'electromagnetic  transient  at  *ert>  tune  ttiei»e  gaugea  wei  v*  aciuaUy  imt  ojjeralive  until  «baut 
sero  time  plue  10  milUeeconds.  Table  1.9  liKts  the  maaituum  gauge  preaKurea  obaerveid  at 
these  stations  during  the  time  interval  prior  tv  arrival  ot  the  hliock  wave.  These  pressures 
ere  die  recorded  departures  from  ambient  (le,  atmosplieric)  pressures.  1  he  pressure  gaugr 
at  Station  301  on  Shot  4  also  recorded  an  excursion  io  7  psi  (Fig.  1.  15)  prior  to  arrival  of  thfi 
shock. 


j  *  .a 


'  ,  A 


Table  1.9  -  -  MAXIM t'iil  PRESHOCK  GADCK  PRESSURES*^ 


-' 

SuUon  200 
ipsi) 

Station  204 
.  iPfc.D.  _ 

Station  207 

Shot  l 

-0.3 

-  0.  01 

0.  03 

Shot  2 

_  0.  35 

-0.  01 

-O.OJ 

Shot  3 

.0.4 

0.  03 

0.  03 

Shot  4 

1.2 

0.  07 

0.04 

'r  l 

r  j  f  iP  J 

■  V-'l 

-  -•  ,•:  '  ■ 

•  /  •  •  ...f 


mi 

■  --■-— 

-  ia 

.:V  ^s»' 
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The  fact  that  these  pressures  may  not  be  actual  pressures  is  discussed  in  the  text.  | 

■  '■■  •  .  ^:v  -f 

■  , 

There  was  some  question  whether  the  excursions  listed  in  l  abie  1.9  represent  actual 
pressure  changes  or  whether  they  are  attnbutubie,  at  least  m  {larl,  to  some  other  factor,  The  ’ 
most  obvioua  possibility  is  that  the  bourdon  tube  m  the  Wiancko  pressure  gauge  might  be  feensi*  ,  3r 

tive  to  the  large  incident  thermal  flux  and  }>osHihly  to  steady-htatc  changes  in  temperature  at  \l  :,  jj 

t«mf>-^4-uure»  as  high  as  180  F.  It  is  concnvablr  that  thr  high  intensity  of  thermal  radiation  " 

and  the  resulting  large  temperature  gradient  between  the  inside  and  outside  walls  of  the  bourdon  ’  " 

tube  might  cause  it  to  twist  in  some  manner.  M 

Upon  recovery  of  some  of  the  gauges  used  on  Shot  4  the  glass  fiber  with  which  the  hour-  .  v; 

:t  ••.'-•  '•'•  ~!'rTZ-?L 

don  tt^  waa  filled  was  partially  scorched  and  fused,  indicating  that  the  intial  transient  tern-  |  'l 

.matures  were  sifnificantly  high  and  that  the  gauges  used  on  the  Tumbler  shots  should  be  sub-  |  T  ^ 

Jaeted  to  a  control  test  in  which  the  transient  thermal  conditions  were  simulated.  These  tests  J  -  ,v  1 

wwre  performed  in  the  laboratory;  a  thermal  flux  computed  to  be  approximately  2-3  cal/sec  | 

■?  .  ■  -...‘3 

wac  attained  by  focusing  sunlight  through  a  lens  4  inches  in  diameter,  and  when  this  radiation  j  . 

‘tfllM  allowed  to  fall  upon  the  exposed  wall  of  the  bourdon  tube,  transient  deflections  were  noted.  V  '<’i 

Tt»  magnttudes  of  these  deflections  were  even  gi*ester  than  the  messureo  pressures  listed  in  .^,ii 

T>bie  l.ft  -  •  in  (Set.  deflections  were  ss  great  as  2Q  per  cent  of  gauge  range.  The  deflections 

‘  f  •  ■  ■‘rS 

iMiatrved  on  ail  but  one  geuge  were  negative;  this  gauge  was  a  lO-psi  gauge  (not  used  on  the 

Tumbler  testa)  in  sdiich  the  acoustica.  dan  ping  material  was  undamaged,  and  both  positive  and  /  '  ~ 

■:  ■'■'ssecret'-^' 


4u 
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pil^tlvt  #tA«cti«n«  of  0. 03  pai  ««r*  obtalnad,  Mor*ov«r«  it  wu  found  tiut  the  deflections 
eeused  bjr  tliermisl  radinttoo  were  tereneicnt  sifnnUi  of  one  second  or  lonfer.  Tlius  it  Ins  tMim 
found  ttnt  tlieraasl  rsdistloa  csa  csuee  wtuit  sppesrs  to  be  s  'pressmw*  ctasiife  ss  rcsd  on  the 
p^sMlie  preenvie  gsuges,  snd  sllhouih  it  cso  not  be  definitely  estsblished  that  d»e  positive 
defUhitloos  noted  in  the  fbild«  particularly  those  of  1, 3  snd  I  psi«  were  sttributsble  to  thenasi 
rsdistienf  seilher  csn  it  be  ssserted  thst  these  deflections  were  caused  by  actual  pressure 


^  of  course,  considerfhVy  more 

Sensitive  than  those  used  to  measure  shock  pressures.  Therefore  it  would  appear  tikst  escspt 
for  the  deflections  cd  1. 3  and  7  pal  the  deflections  obeerved  in  the  held  would  constitute  so 
smsU  a  psrcentsfs  of  messured  shock  pressures  as  to  make  n«||Ug;bl«  any  error  in  shock 
pressure  resdlnjs.  Moreover,  the  side  *00  gsuges  used  to  nseasure  shockpressures  are  placed 
at  right, an(lea  to  the  incident  thermal  flux  snd  would  not  be  .appreciably  affected  by  thermal 
radiation.  In  simitar  future  measurements  the  sensing  element  should  obviously  bs  ao  orient* 
ad  a*  to  preclude  any  interference  from  tliermal  rsdistiun. 


ttk 


vl,  43  Positive  Impulse 

The  question  has  been  raised,  regarding  Tumbler  Shot  4  snd  Buster  Shorn  Baker  and 
Charlie,  whether  positive  impulse  ss  a  function  of  distance  is  decreased  to  the  name  extent 
as  are  the  corresponding  preasurea.  It  has  been  found  that  when  s  reduction  in  pressure  rp* 
aultlng  from  a  chopping  oft  of  the  peak  pressure  ts  observed,  the  duration  of  the  positive  phase 
ie  likely  to  be  relatively  greater  than  that  corresponding  to  the  same  pressure  for  an  idealiatic 
shock  wave. 

According  to  the  scaling  law.  at  distances  corresponding  to  s  given  preesurc  for  vary- 
ing  yield  Bie  tmprilaes  will  o«  in  the  ratio  of  these  ^stances,  ie.  in  the  ratio  of  the  cid^  t-oote 
of  ttie  charge  welghte.  Since  eceling  of  pressuree  over  the  rang*  of  yleUb  for  Tumbler  Shots 
3  and  1  appears  to  be  valid  as  based  on  measurements  of  peak  pressure,  theecaliimof  impuispe 
computed  from  experimental  date  should  Ukesnse  be  valid.  The  prwssure*distMK«  curves 
gave  a  preesut-e  reading  of  10  psi  at  1, 330  feet  from  gro^ind  soro  on  Tumbler  &et  3  and  i#730 
feet  from  gronni  aero  on  Tumbler  Shot  3;  corrctqionding  tnipuleee  at  these  djetaacoe  were 
eompwled  to  be  O.M  and  3.  Olio,  1  pei'Sec.  Thus 


3.  7S0 


X  0.  33  •  3.  •  pet-sec 


1,350 
J  31 

I  Trill  *  **  *  3.  t  pai-eec 


'  "  \  I 

^ 


>7  VC 


•vll 


Apparently  within  the  UmiU  of  «ccur«c>  poi>»ible  in  determining  impuUe  thiK  kind  of  seeling 
from  Tumbler  Shot  2  to  Tumbler  Shot  3  la  valid. 

When  egamst  sUm  renge  on  log-iog  paper  iFig.  1,24),  the  seuled 

vnluce  of  im.puUe  ^  a  45°  line  on  wluch  W*valut'S  corresj,K«»d  to  The 

ipnpulses,  us  scaled  from  I'  l^erved  impuises  for  1.2S  kt  tf  umbler  Shots  1  and  2).  »»'«■  plotted 
and  labeled  with  the  assumed  yield  used  in  atuUng. 

Values  of  positive  impulse  otitained  b>  oiessuriitg  tl<^  lotai  area  under  the  pressure  •time 

curve  (positive  phase)  using  a  plan. me' <  i  nave  also  been  plotted  for  1  uinbler  Shuts  3  and  4  and 

Buster  fihots  Baker  and  Charlie.  It  will  ne  noted  that  tin  impulses  are  lower  than 

those  determined  from  the  st  sieu  vurvra,  5w»*-tu  ular!>  at  sniaU  distam  es  front  ground  serp. 

However,  a  comparison  of  -.mpulsra  and  vtn  i  r  ujAindn-g  prrsauri  s  reveuls  that  the  decrease  in 

-impulse  IS  not  go  great  ae  that  ;n  preBsui  *  Ihi^  fact  ir.a>  In.  iliustratcd  by  plotting  pressure 

t  20  '  W3 

ys  impulse  ai  observed  on  lumblei  hhot  4  jiii  pi  eBsun-  \  ,«>  ujipv.lsc  %  '*»'*  obtained 

from  data  on  Tumbler  Shut  1  (Fig  I  23)  A»  can  be  seen  liotn  'Ins  p'ui,  iinfiulscs  observed 
irgm  corresfionding  pressures  are  higfier  by  ati  tnuih  as  I>(i  ja  i  v  ent  i(t.<n  tiuisi’  wlnclt  are 
ectlcd.  Slated  anoth.'r  way,  the  impui»eB  f^t  <  ut  r^  sj^ornling  }»ri  hBur»  ^  woe  nut  reduced  b«'low 
the  scaled  impulse*  by  as  much  »r>  were  ti,r  «  liirit  ht  U «  b  aimpiy  becausi  of  Ihf  longer 

r^urations.  On  Shot  I  a  pressure  of  t'l  p-i  is  obo  ivrd  .it  >  m  ulcJ  'tisi.ino  of  12,0t)0  feet,  hut 
on  St»ot  4  the  observed  pressure  is  it  pB.  s:  th<-  covr*  »|e>tuiing  hilled  dihtunoe,  1,  150  feel.  I'he 
impulse  at  this  distance,  as  sraWd  (mt?.  Shot  5,  u-is  2  b  1.  but  wan  obtserved  to  be  2,  2 

pai'Sec.  Thus  actual  pressure  is  Icsk  ttuHi  *■,  .I’cu  }ir<«suM'  I'v  2f.'  p^  t  n*nt,  tiui  impulse  is 
teas  by  only  10  per  cent  ’  .- 

From  the  point  of  view  of  tni!i*.irv  damagr  ih.r  rciativi  '.y  iughcr  nr.pulse  for  a  given 
pressure  and  yield  offsets  to  some  estepi  th*  r*^d.i,  ;,on  in  peak  }ir»  sn:re,  provided  total  im¬ 
pulse  is  as  valid  s  criterion  of  damage  as  prrssur*^.  However,  a  detailed  study  would  he 

fiecessar-^  to  determine  to  what  extent  a  relatively  larger  impulse  offsets  the  loss  in  peak 
pressure.  Figure  1.24  shows  that  obse  rved  impulses  are  lower  than  those  predicted  from 
sesUng  so  that  it  is  certain  that  there  is  some  reduction  »n  the  »  f(etn venes*  of  the  pressure 
wmv«  even  if  the  impulse  criterion  were  assumed  to  be  more  valid  than  the  peak  pressure  cri¬ 
terion  for  dsmsfs . 

1.44  Pressure  Messttrements  at  the  Control  Point  in  Yucca  Pass 

Ohservtrs  viewing  nuclear  explosions  from  distances  of  approximstely  10  mile.s,  it,  «t 
4he  Control  Point  Building  st  the  Mevada  Proving  Grounds,  on  several  occasions  have  heard 

-  ,  '  ■■'•^‘|j*'“eeie»UiUcms  for  impulse  scaling  were  made  on  the  basis  of  the  yields  used  by  the 
AroMd  Porees  Spccisl  Weapons  Project  in  preparti^g  the  Prelimtna 


(pti^sec) 
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jly  •»  ofc*«nf#r)  wM  Uw  »vm^t  p|Mi*r»*rt  on  fsyf  om^  •Iwi  pIxH  , , 

^fc*  ^r9«»iNrt*tiaMi  cuir*  tW*  •**•!  •Ho**  two  wbriipt  troMittoo*  i«  pr*«»urw^  ow  #1  Hio 
ligtiwlm  ot  m  Wiyt  •w*  tht  otiitr  t®  «»  nfffttiv*  I>url«f  tkiM*  two  tranti^oM 

^irugtl  litA-firwMMwy  compooMto  woro  proMot  ^  bo  dofiattwly  Hbbrljr  »ll 


ipilio*  woro  obotroo4  on  Shots  >»  S«  nad  7;  tbo  oury*  for  ibot  P  Bbowo  nn 


■rOcotioUo  o^pMiV  It  If  initrostinf  to  not*  th*t  ilito  oottllntion  tnkn#  pin®*  nt  •  prooobfo jpaa- 

ootpon  tlmtpn  tbol  ol  tbo  •msUoot  Ollhnl  rt«ror4td«  wbich  wno  0^  004  |**i  on  Shot  1, 

"  '  "'  -  I/I 

1^.  1. 17  obntrvoS  ponb  pro!»»»M*oi  nro  plotto4  0;|EBinst  4i«unc*/ ■■.  Tb*  only  vnl 

?i4  nnoohiotnin  to  bo  drawn  from  tbio  eurvo  lo  tbnt  o  otrnlfht  lino  drown  tbromb  four  of  the 


It,  000  lifl*  Tbo  mootmum  prooouro  to  which  the  Control  Point  wot  oi^Kiwod,  0.  }t  pot  on 
JhiHit  t,  im*  of  oborl  d«roti«o  and  droppod  to  0.  Ofi  pot  in  approximatclp  10  milUaaconda. 
ma«tia.VNfn  poaltl^Jmpwlao,  waa  oboorrod  w  Shot  S. 

Tbaap  iWiMttrainaBta  rntcM  cancoiwmbly  howe  praeUcal  ajqiUcoUon  to  Ibo  dfaifn  of  addi-^ 
tlOMl  tbroetprao  ,ln  Ibo  Control  Point  arpo  aince  probaur*  londhiga  oro  not  ao  |4|h  aa  b|4^  ^an 


1. 4S  Froaawro  Moaauromont#  on  Tumblor -Snapper  Shota  7  and  8 


on  wtnd  ioatrumofita 


•  "'"“^ff^awrea  tntormodiato  between  the  bleet  line  and  the  Control  Point  are  dlaeueaed  by 
||.  L.  Hartitt  in  anather  report  of  the  Tumbler -Snapper  aer  iea.  Air  Shyh  l►rM•^*^■ba.iU 
:fe«^d  by  Wllla  and  |>aiea.  WT-001  O®  be  pwbUabed) 
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•  !•«  nfcitfwttaM  of  pr«««tir*  wrm  n%»4m  os  TttmbWt  tM>i>p*r  HwHi  V  m4  t.  In 
■Urn  f—a ii>>  l•v•l  Ar«««  lr««t  Gr««alw»u»«  otMcrvatioiui  «m  •ai|»l«y*4. 

TlMi  fetlowiAf  IftM*  alM^  >  tlM  olNMrvvd  pr*«»ur«*  con^r«4  «illi  Um  pr^MurM  tr«m 
corr«ffMMiliag  •e«lfd  distaac**  at  ObMnnMl  iHwk  praasurM  tor  TamMar* 

taappor  tavf  bata  mulUpliad  bjr  it>  provide  an  alutud*  curracUon;  tb»  diateac*  of  Hit 

*** '  l/S 

pMk  ptpMUira  aHaaraail  at  Graaahooa*  taia  bvatk  ai.ai*d  by  the  yield  ratio  1  U/dT  |  to  pro* 
vMt  tlia  aaalad  diataitaoa  for  tb*  praaauma  Uatad. 

Table  1.  10  •*  COMPARATIVE  PRESSURES  FROM  TUMHUEH-SN APPCR  SHOTS  7  AND  •  AND 

GREENItOiSF  SHOT  EASY 


Shot 

Yield  (M) 

Pressure  at 
l,540ft  ipsi) 

Preaaure  at 
S.  IOC  ftlaall 

T-7 

13.4 

isrt 

7.0 

T*4 

14 

4.  1 

Oreenhouee  Baay 

47 

is 

7.1 

It  la  InlereatiAg  to  note  UmI  the  cUMvin  proaaure  rahttMlrd  a  riaa  Um«  of  the  order  of 
SO  mate.  Tbaae  meaaaremenu  ere  herdiy  eiitenaive  enoufh  to  compare  peroaota^ie  of  yield 
galas  KHo  blaet, 


COWCLUIIOWS  AND  RECOMMENDATIONS 

lhreee«re«tiaie  data  obutoed  by  Saadie  Laboratory  on  Qperatioa  Turobler  were  aot  oaly 
ia  eeeeattal  agreemeat  with  thoae  obtained  by  other  agenciee  from  Hie  same  aertea  ef  taaHi  ImR 
lagaaerai,  to  corroborate  aimitar  data  obtained  on  Operation  Buatcr.  It  baa  therefore 
ceaeleied  that  pressure  measure  me  nta  on  Operation  Buster  were  valid  and  that  dais  from 
of  tests  can  legltimstely  be  used  to  construct  e  height-of-burst  chart  based  oa 
r  eaperimentally  detsrmined  pressures. 

Pteeewary  of  the  precursor  Ui  photographs  of  the  shock  waves  from  Tttmbler  Shit  4  aai 
what  appoare  to  be  a  precureor  in  photogrsphe  of  Buster  Shots  Charlie  end  Deg  has  prseldii 
a  tbN  whtMh  whea  aasd  in  eenjimcttaci  with  thermal  and  pressure  measurementa,  aspy  et^labs 
HM  aaMaajMssa  prsaaae sa  ebeerved  on  these  shots.  Observations  such  as  thees  have  made  it 
tHtar  Had  a  hrl^l  of*baret  chart  for  aeclesr  weapona.  to  be  dependably  acemrate.  laaai  Bt 
ia  iggaHaiitdiHy  detarmiaed  peeeeafes  from  mtclear  wtapoae. 


SECRET 


II  !•  Iiiiwttiag  t»  • 


Sy  tit.  O.  Fmmy  gni  K. 


llltrwiliiMi  ani  HagMiJMj  mm  plasad  ui  yaattiMi  litti 


ttiay  eMM  Ml  havt 


Mjr  altMMtov*  MratMf  |Muat  w  cillMr 


'*nM  MifMs  of  b«r*l  MM  corrocUjr 
tt«  It  M«  MairM  to  caaaa.  Tm  aM 


aitli  ragir#  la  tM  lypa  af  ga* 
ta  Maat  ianaaga  a«a  aaacUy 


tliat  pradicta4.  ” 

BvlMaliy  IM  accuracy  of  MiarauMtiOB  of  oaorprarauraa  aM  urgat  4amaga  caiia4Mra4 
aatttaiaal  a  laa  yaara  ago  (at  laaat  by  tM  above  autborc)  Ma*  art  aaitafy  praaaai  fMtmaiaawla, 
ableb  amat  claarly  M  coMiMrably  morv  atriagMit. 

To  predict  overpraaaoraa  and  chooc*  appropriat*  burat  baifhta  (rom  IM  balgbi'^of-bural 
abarl.  It  ia  imporiaai  that  Uua  chart  ba  compivia.  Altbougb  conatdarablc  iaforautioa  baa  baan 
aagairad  racaatly.  (t  aould  appear  daairabl*  tu  cumplaia  tbe  tank  of  aaccrtaining  praaaurv* 
dtaianca- Might  data  by  carrying  owt  aomc  additiarval  trau: 

X,  A  burat  at  a  acalad  height  of  I,  3^0  (wt  to  ratabUah  tbv  ’knara*  in  tba 
Might *of •burnt  curvaa  tor  ovvrproavirva  of  4>i  p»i.  AiiimranDy,  aincv  Tumblar 
thota  3  and  3  acalad  satiafartunly.  any  yield  in  the  range  uf  1  -SO  kl  vrould  ba 
aidlabta. 

3.  A  barat  having  a  yield  of  I&-S0  kt  at  a  scaled  height  n(  approumataly 
TOO  feat  to  dater*nina  wbatMr  the  dalatartuws  effects  observed  on  Tumbler  Shot  4 
are  obaerved  at  this  scaled  Might  whan  the  bomb  yield  is  large. 

3.  A  burst  of  a  I  -kt  weapon  at  a  scaled  height  of  approaimatety  300  feet  to 
detertaine  the  extent  to  whicn  theae  deleter  vowa  effects  are  cybaerved  for  thia  lov 
yield  and  low  burst  height  Presumably  no  therms!  effect  would  be  observed  for  s 
barst  of  s  I  'kt  weapon  at  s  height  of  approximately  4$0  feet. 

Theas  last  two  tests  should  provide  needed  correborstory  data  tor  tMt  riaige  of  scaled  barat 
MlgMa  in  which  blast  effects  are  not  ao  precisely  predictable  as  for  greater  scslad  Mights. 


iSat  Wave  (editad  by  H.  A.  Bethe).  Los  Alamos  vepart  LA-lOtS,  Ts:  Vtt,  Part  Itt, 

»,  tMT.  pxm 
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h  tea  aUo  ka**  ■oU4  tlMt  poait^v*  unpulM*  mra  •omtakai  •ukaUar  irlitn  paak  (Mraaaaraa 
ara  iaaa  tlMui  faiaal  ■1‘tfcin^  Ika  parcaaUfa  4aeraa»«  la  aot  ao  large  whan  i\  ta  caaaitfarad  tkat 
tha  ffaaaaaaa  ara  af  loagar  tfaratlaa.  Mowavar.  it  la  raiterate4  Uwt  tha  aatant  ta  wkleli  tiM 
raiginWTtlj  Uaaar  dacraaaa  tn  uapuiat  offaaia  ta»  loaa  a>  |irak  ta'raaura  can  oal^  ba  4aiar> 
■liaad  fra«  a  4aUila4  atarijr  gl  Uta  raUitva  manta  of  peak  prraaura  and  poaitiva  uapulaa  a« 
damafa  arttarta. 
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Ayt>  t;?tDtx  A 

Th«  (vilvwmg  p«r»<mA«'^  ot  \A>«(*oiia  Lffrct*  lik»trun.«  .ivz,  of  Oir  Pinviitg 

OrouRda  D<9(Mrtfn«tii,  ufni^r  tft«  iliract;^!  t>i  Mr  H  E  l.rit«ndri,  |.M-t  ttii  la-lo  'i.atiJu.* 

tion  mod  cshbr^tion  at  thm  prcaa^rr  gaui^*»  aAl  «ua«Uar>  aiatt  utik*  usvd  Uir  tti«  »t'  tUt  a»> 

ur«m«ni« 

!!•««.  J  M  .  «aat«t«tJ  aiiin  And  v«;d>r«uo4i  nl  grufra 

Bolingvr,  N  ('  .  in  i.:h<Ar4^i  of  )n**-*il.Atiur.  atii  t.  t-.r >.koiit  «.>{  irt  oioing  itt .  f)p«>i‘«fton 

Sn«pp«r 

Csinnjtiini,  C‘  .  *««>«'.«!  w.th.  ifula ‘.i«' .(.>ri  «i«4  i  tu  <.At>ut  of  !«'iA)iOiiig  c  (^uipiiirnt 
Fiachuin.  W  A  .  <n  vRarga  oi  ^ua*. jiU;.  >«.  atij  v*  lifAuoi;  o!  g«ug  *a,  Up.t«»  loh  1  umhlt  I 
H«nip«<in,  I*  .  t4A.*un  «ith  t»i  » 

Korb«,  A  J  .  KT  '  ll*.  in  vfAtgr  of  .n*t«  »f»il  iI.mAioi'.  of  i«ioiititkg  (qui|>inrt)t, 

Tumhlvr 

D  It  .  SKC.  r4  •.tb  iftltd  UaUi-ti  «>!  r(]u'.|>ni<  ||1  ..ltd  fl'cirii  hhr  IW  I  *,  U) 

tnvtrumantN 

Mftn«rt,  R  ,  T/Sgt.  Aat<s’ed  «tth  'na‘.aU«^i>jf<  and  taiitratioA  tit 
MtUu'«n,  R  S  .  Di  v.»  on  » latir  >n  tf.jirgt  of  ion  lot 

Myara,  V  V  .  m  eh«rg#  of  !n«'*U*'.ori  of  vpidr*  fiotn  gaugfa  iu  j  i  t  u»  tloig  tqiininii  rii  lor  Opt  in - 

tio«  Tumhlar  *$iuip(ta r 

P«yn*.  W.  C  ,  RDs,  a«at  ■  '#d  aitb  jSafMtn  »rol  <  ‘>«-t  kout  of  tri  uriiitig  t-guipitu-nl 

Pritchatt,  R  E  ,  in  ch4irg»  of  .nk'a.'.ar.cm  of  taMra  frotr.  gaugm  fo  T*forditig  t  yuipmi  nf.  rit- 

tvi»n  Srwppar 

Rata,  G  R  ,  aaa'afa<1  arith  inafa! i A'.,i.>r>  aoil  rai.bt •*' orfi  of  gnugrn 
Scott.  J  H  ,  pro)a  f  ang  nrrr.  Oparadon  lorrihirr 
^taarartabatigh,  S  .  5.ai«or!  aith  rori’ rkc  ♦or  r 
Thocnpaon,  P  E  .  prtijact  ar.g.naar.  (>r<ar»iior.  Snaft^a  r 

Thiiimpaon,  R  H  .  m  rfvarga  of  mie:  sr.4  <  a  I  dtr  i»>r.  rif  Opr-raVion  Snsip|>i'r 

Vaughr.  J  .  PMl.  asaia'.ail  a  th  >>ai  of  t,jT.,rtg  »  mi-pirinni  ;,nd  t  abJna  trtifn  kh»  itirB  'o 

inatrumanta 

Whitlota,  E,  U  ,  pl«otagraptiT  and  prtxa**;nf  of  fiim  rrfords,  Ofjf  rn'ron  1  umblnr  *Shapf»r'r 
Witt.  L  J  ,  aas'.atad  with  jr.aia'.fa'ton  r*  timing  rqu.pi.^nM  and  labira  fiom  ahrltrra  to  inatru- 

oiaitta 

Ytarowt,  R.  .  if««taU>  ion  of  motor  fanaiator 

Th*  following  paraomnal  from  tha  Wrapooa  Effact*  Dapartmfrt  tindar  tha  dime  tion  of  Dr.  E.  F 
Co«  OMintag  in  tho  anoljaia  of  ttta  data  obtamad  on  thaaa  maaauramaritk: 

T  B  Cook 
R.  F  Murphay 
N.  A  Richardaon 
J.  D.  Si.j*aaa.  Jr, 

J.  Todd.  Jr 


All  aror«  rwdnead  Ry  tha  MnOkamatical  Saraica*  Division.  524J.  of  Sandu  Cvt^poration 
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AHMY  ACT!V(T!ES  (Through  TIS) 


1/201A  A«sit»tar.l  Chi»ff  of  Staff,  0-2 
2/2i)7A  Asst.itarit  C'h;ef  of  Staff,  G-3 
3*4/207A  Ajisistant  Chief  of  Staff,  G-4 
5/207A  Chief  of  Ordnance 
6/'207A  Chief  Chemical  Officer 
7/  207A  Chief  of  Engineer! 

0/2O7A  Quartermaater  General 
S/207A  Chief  of  Transportation 
10/207A  Chief  Signal  Officer 
11/207A  S'irgeor,  G''nera! 

12/207.\  (’fiit'f.  Army  I'lcM  Force^ 

13  /207A  f’residen'.  Army  Field  Forces  Board  No.  1, 

14/207A  Pre.sident,  ,Army  Field  Forces  Board  No.  2, 

13/207A  Pre.'iident.  Army  Field  Force.s  Board  No.  3, 

|(i/2(17.A  Pre.'iidt'fit,  .Armv  Fieil  Force.s  Board  No.  4, 

17/207A  Comm.ind.int .  Infantry  School.  Fort  Benning 

I8/20T.A  Commatidant.  A rnmred  School,  Fort  Knox 

b''/2t)7A  Pre.mdrnt.  .Artillery  School  Board,  Fort  Sill 

20/2t)7A  F’resulent.  AAACJM  Branch,  Artillery  School,  Fort  BliS8 

3l/2l)7A  Commaniiant,  Army  War  College 

22/207A  C'ontmanciant,  Command  and  General  Staff  College,  Fort  Leavenworth 
23-24/207.\  Operations  Re.search  Office  (Johns  Bopkins  University) 

25/207A  Commanding  Officer,  Signal  Corps  Engineering  Laboratories,  Fort  Monmouth 
26,/2n7A  Commaniiing  Officer,  Evans  Signal  Laboratory 

27/207A  Commanding  Officer,  Engineer  Research  and  Development  Laboratory 

28/207A  Commanding  Officer,  Ballistic  Research  Laboratories 

20/2O7A  Commanding  Officer.  Ballistic  Research  Laboratories  (Lampson) 

,30-Jl/207.A  Commanding  General.  Army  Chemical  Center,  Chemical  and  Radiological 
Laboratory 


F'orl  Bragg 
Fort  Knox 
F^ort  Benning 
Fori  Bliss 


NAVY  ACTIVITIES  (Through  TIS) 


32/207, A  Chief  of  Naval  Operations,  OP-36 

33/207, A  Chief.  Bureau  of  Ships 

.14/207A  Chief,  Bureau  of  Ordnance 

3S/207A  Chief,  Bureau  of  Aeronautics 

36/207A  Chief,  Bureau  of  Medicine  and  Surgery 
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rJiSTRlBUTlON  I.IST  jcotit) 

57/307A  Chit?f.  Burwau  uf  YurUti  and  Docks 
38/2')?#*.  Comnisndant  of  tf,<,  Marsfn*  Corps 
3!)/2U7A  Conimsri'.Uri.,  Msi  oir  Corps  Schools.  Quantico 
40/ 2*1 7 A  Ctiirt  of  Naval  Krscarcfi 

41/207A  Comniaridffi ,  l.’.S.  Naval  Ordnarur  Laboratory 

42/207.\  C.'uttunanOft ,  C.  S.  Naval  Oultiaiic*'  Laboratory  (Hartmann) 

43/207A  Commander,  U.  S.  Naval  Ordnance  Laboratory  (Ahex) 

44/207A  Dire  ctiir,  L\  S.  Naval  Research  Laboratory 
4&*46/'207A  Commandinj{  Officer,  C.  S.  Naval  Radiological  Defense  Laboratory 
47/207A  Commanding  Officer  and  D. rector,  David  W.  Taylor,  Model  Basin 
48/207A  Commander,  Naval  Mater  ial  l  aboratory 

49/207A  Off  icer 'in-Ctiargi",  I  S,  Na«ai  t.  .vil  Eng  inhering  Reserach  and  Evaluation 
Laboratory 

50/207A  (.■■inirti-i.’i'S .,',g  tiffu;<.*r'  Ji'-.i  Uncitiir,  I'  S.  Naval  Elrrtronica  Laboratory 
5l/2()7A  Ccimtuundini'  Of!  \f;et ,  V  S  Naval  MeOicai  Ht'seaich  Institute 


AIR  t'ORCL  AC  l  tVl  MKS  (  1  hi  ..ugn  d  IS) 

ii2/2()7A  A .s ; at! '  !■'!  A'., mi"  Lin  tcs 

5d/207A  I't  i  >ja' I  .  ’  1(1(1  s.  r  »}■«•  iM' loiih  .Aiia.vsis  Division 

54/'2(>7A  Dircctur  of  Iti'i  ‘1  gi  i;.  tlMc,--  Viii.  Hi. .tub,  Aii  TargctK  Division) 

5,i/2(l7A  t  oinmindiri.;  '  I  I ' .  Stiatipii  A  sr  Conirnand,  Uffutt  Air  Korcr  Ba«e 
5fi-37/207A  Cotiu  ri.Mi  I  '  1<  !(•  la'..  Ait  H*  iiv.iti  ti  anil  Devrlopment  Command 

5H-59/2117A  C'omm.o' I  n,;  ticti.  r,, Ait  Miit'  i  icl  iNnnmand,  Wright -Patteraon  Air  Force 
H.i-- 

fiO,'207A  tliici’oi  of  H I- ,1 1  I  i:  .i!..i  lit  vi  lopnnTi! 

6l/2()7A  f’otniti.iri  htu:  fb  t'.t  i A.r  t'n'.v«T.>tity.  Maxwell  Air  Force  Base 
fi2/207A  Coinm;it',;l!n)i  tl'  t'orai.  Sja  t ml  Weuj.K.t,n-  Center,  Kiftland  Air  Force  Base 
fid/'2n7.-\  Com  It' m  bt.,;  (itii,  i,il,  Wt.^ht  Air  Dewlopmeni  Center,  Wright -Patterson  Air 
Korre  It 

t34/2n7i\  Comi.li!.'!  I  r  t  ieiift  .li,  .A.r  Foice  Cambrulge  Re.search  Center 
S5/2d7A  HAM)  Cm  p.T  Hmn 

f>t>.'20'(f\  A.-1  •< i st.itit  to  the  Speeia'  ,A .t- s i k1  .uit  Chief  of  Staff  (Griggs) 

AFSWH  ACTlVn  IKS 

67-86/207A  Ctiief,  .A rmed  Fort  •'«  Spec lal  Weapons  Project,  Washington 

87-89./207A  Commanding  fi.tnetal,  Fiehi  Cr.mni-ir.ri,  Armed  Forces  Special  Weapons  Project, 
Albiuiuerqnr 

?iO-f)2/207A  Director,  Weapons  Effert.s  Te.sts,  Field  Command,  Armed  Forces  Special 
Weapons  Project,  .Aibii. piertpie 

93-107/207A  Director,  Weaj>ons  Effects  Tests.  Field  Command,  Armed  Forces  Special 
Weapons  T’roject,  Albuquerque  (for  distribution) 

DEPARTMF,NT  of  defense  (Through  TiS) 

108/207A  Chairman,  Re.search  nnd  Development  Hoard 

109/207A  Director,  Weapons  System  Evaluation  Group,  Office  of  the  Secretary  of  Defense 
110/207.A  Exei  ut'.ve  Director,  Committee  on  Atomic  Energy,  Research  and  Development 
Hoard 
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11  1  -  I  l2/:i07A  Atonuc  Enei  jjy  C<jninu*(*;on.  Ff  Oprration*  (Tyler,  Worth) 

ll'J*llS/207A  Atoimc  Energy  Conum»*ion.  Washington 
n«-135/307A  Los  Altmos  Scientific  Lsborstury,  Report  Library 
IIH- 155/207A  Sari.lia  Corporation 

15h/207A  University  of  California  Radiation  Laboratory  (York) 

157/207A  Weapon  Teat  Reporta  Group.  ITS  Oak  Ridge  (Shannon) 
158-207/207A  Technical  Iniormation  Service.  Oak  Ridge  (aurplui) 
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26  June  1995 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 
ATTN;  OCD/MR.  BILL  BUSH 


SUBJECT:  Declassification  of  Report 

The  following  reports  have  been  reviewed  by  the  Defense 

Nuclear  Agency  Security  Office  (ISTS) :  '  " 

— ■ 


Report  No; 
^WT-606i^ 

_  WT-1473 
-WT-501 

-  WT-30H^ 

^  WT-1109 

-  1^-1103 

-  WT-1108 
WT-1101 
WT-1102 

-  ^-1407 

-  WT-lllO 
■WT-602 

-1403 
-1614 

-  WT-1155 
POR-2280‘^ 
WT-9003^ 

_  WT-1501 


^  -  WT 


AD  No: 


€17192  - 
€112  54^  -  ^1%. 
01±92^  - - - 


46&'20Q’*’*^ 

4r&269n^^ 


it/*- 

Cu/r 

U./l~ 


tLlplSS^  -oa-L/ 


-  u/^ 


W355492i^ 

^345753^  . 

3  laCOVL— ^2- 


^  C  “<j 


The  security  office  has  declassified  all  of  the  listed 
reports.  Further,  distribution  statement  "A"  applies  to  all  of 
the  reports. 


FOR  THE  DIRECTOR: 


JOSEPHINE  B.  WOOD 
Chief,  Technical  Support 


